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MULTIPLE CHARACTERIZATION OF A REFERENCE POPULATION OF EUROPEAN RABBIT ( ORYCTOLAGUS CUNICULUS): LAS LOMAS (SOUTHERN SPAIN)



In order to understand the structure and origin of the present distribution of wild rabbits in Western Europe, we intend to characterize each population by sampling and recording a set of biological variables for each. in the present study, a population from southern Spain is used as an example. Biological parameters considered were general size and allometries, hematology, serum biochemistry, osteological morphology. and mitochondrial DNA The range of each variable is described and its biological meaning discussed. This set of variables seems to be of use in population characterization. Furthermore, the recent history of the population can be explored by reference to bones from nearby archaeological sites. Key words: Rabbit, Spain. population variability, osteological discrete characters.
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1. INTRODUCTION A study of the structure and origin of the present distribution of wild rabbits (Oryctolagus cuniculus) in Western Europe was initiated several years ago by an international multidisciplinary network of scientists, among which are authors of the present paper. The aim is to characterize populations by sampling biological an appropriate number of individuals and recording a set of parameters. In addition, archaeozoo[ogical assemblages from nearby localities provide data on the osteological evolution of each population over recent centuries or millennia. Several biochemical and genetic approaches have already been used for the characterization of rabbit populations, such as the polymorphism of transferin (F errand, C a r v a l h o and Amorim 1988), of the hemoglobin a and p chains (F e r r a n d 1989, 1990), of enzymes (F e r r a n d and Amorim 1990), and of immunoglobulin light chain ( V an d e r Loa, F e r r a n d and S o r i g u e r 1991). This paper sets out the multiple characterization process for other variables. It examines their range of variability and discusses their biological meaning, taking as an example the population sampled at Las Lomas (Cadiz, Andalusia, Spain).



2. MATERIAL AND METHODS The rabbit population considered here lives on the Las Lomas cultivation plain (Vejer, Prov. Cadiz, 36°20' N), among olive tree forests. Taxonomically it is considered to belong to the small sized southern Spain subspecies O. c. algirus (Loche 1858) (Cabrera 1923, D o n n a r d 1980). During 1987, 48 rabbits were live caught by snaring or digging. A number of additional rabbits were shot. Each sampled rabbit has been characterized by three groups of quantitative variables (Table I): - body weight and skeleton size (S); 88 osteological measurements had previously been registered following D r i e s c h (1976); 12 of these have been selected for the present study (Table 1) in order to describe the main dimensions of the skull and limb segment lengths; - hematology (H) through 12 variables; - serum biochemistry (B) through 9 variables. The range of these quantitative variables has been estimated by the coefficient of dispersion (D% = standard deviation/mean). Their distribution has been tested by the normality test of Lilliefors; some (blood variables) have also been tested by reference to a lognormal distribution. A principal components analysis was conducted on the osteometric data (Biomeco package; Avenix-CNRS). In addition, we used two kinds of qualitative variables: - frequencies of osteological discrete characters (D), which were conducted independently by two different researcher on 36 rabbit skulls and limb bones, and then on skulls of wild or feral rabbit populations from northern France, Zembra island (Tunisia), Kerguelen island (Southern Indian Ocean) and on skulls of French domestic rabbits (Museum National d'Histoire Naturelle, Paris);
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- mitochondria) DNA (mtDNA), extracted from fresh tissues of 30 rabbits, and characterized by 14 restriction endonucleases (E n n a fa a et al. 1987, B i j u -Duval et al. 1991); a comparison of restriction profiles (R.F.L.P,) allows us to estimate population polymorphism by nucleotide diversity (N e i and L i 1979), 3. RESULTS 3.I. BODY AND SKELETON SIZES



The average body weight (SW = 1045 g) is similar to that observed in nearby populations (S o r i g u e r 1980). Male and female body weights do not differ significantly from each other (t = 1.65, df = 34, p > 0.05). Most of the bone variables display very homogeneous features (D% < 5%), but three exhibit non-normal distribution (p < .05). Only one (S17 ; D r i e s c h 1976) has a clear biological meaning: male rabbits (N = 16, mean = 36.8, std = 1.08) have larger bizygomatic breadths than females (N = 19, mean = 35,8, std = 0.61) and the difference is very significant (t = 3.34, df = 33, p < 0.001). Principal components analysis of skull measurements (Fig. I) shows that all antero-posterior lengths are correlated with the first axis (Fi, 45% of the variability), which is a general size axis, when breadths are correlated with the second axis (F2. 30%). This indicates that the main variation is an allometric one, with many medium sized individuals, and some brachveephal (LL l6, LL40) or dolichocephal (LL29, LL47g) ones. A second principal components analysis indicates that there is no allometric variation between skull and limb bone lengths in this population. 32. HEMATOLOGY AND SERUM BIOCHEMISTRY



Only five of the blood variables (24%) display a non-normal frequency distribution (Table 1, p < 0.05), and three in fact are log-normal distributed. This suggests poor interference by non-normal values involved by asymptomatic sick rabbits. The coefficients of dispersion of these variables, however, is generally high (9% < D% < 57%), much higher in fact than those observed for osteometric variables, which can be largely explained by individual contributions, i.e. a heavy inter-individual variation. Among the hematological data, three variables (HG2, HMO, HEO) display both high coefficients of dispersion (D% > 40%) and non-normal distributions. This is attributable to the frequency of zero values. The D% values in the biochemistry data are smaller than in the hematology set. Four biochemistry variables (BGAI, BGA2, BCOL, BTGL) show high D% (> 40%); only one of these (BGAI) being non-normal. As with HG2 and HEO, the first two are largely affected by low values, many of them zeros. The high D% of the last two (BCOL, BTGL) can be explained by variable intake andlor by inter-individual variations; their average values are considerably lower than those generally observed in other mammal species.
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Fig. I. Principal components analysis of 6 rabbit skull measurements (see Table l) (30 male and female adults) from Las Lomas (FixF2 projections for variables and individuals)



33. DISCRETE QUALITATIVE CHARACTERS



Eight original non-metrical discrete osteological variables were noted (Fig. 2): -- the shape of the " scutellum" of the supraoccipital (DSO, square (DS la) or trapezoidal (DSIb); - in norma dorsalis, the shape of the lateral edges of crista nuchae (DS2), straight (DS2a) or biconcave (DS2b); - the shape of the aboral edge of crista nuchae ( DS3), on the protuberantia occipitalis externa, can be concave (or notched) on the sagittal line (DS3a), wide accolade bracket shaped (DS3b) or open-V shaped, pointing backwards (DS3c); -- the dorsal outline of the foramen magnum (DS4) displays five types (DS4d being absent in the sample from Las Lomas); - the bully tympanica (DS5), smooth and rounded (DS5a), with an oblique ridge (DSSb), with two weak parallel folds (DS5c) or with a central hump more or less protruded (DS5d); - the second sacral vertebra can participate in the articular surface (DSAb) or not (DSAa); - the lateral trochanteric crest of the femur, notched in the middle (DFa) or unbroken (DFb);
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Fig. 2 Description of osteological discrete characters (D) used in characterization of rabbits: skull (DS). sacrum (OSa), femur (DF), tibia (DT)
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- the distal protuberence of the tibial crest, rounded (DTa), protruded with ( DTb), or without (DTc) a protruded notch. Depending on the character, less than 10% of bones could not be classified ( DSn?; Table 2) except for DSF (11.4%); we can therefore consider that they are nearly all discrete. None are sex-correlated. A number of types observed at Las Lomas are significantly absent in some of the other populations (in comparison to the Las Lomas samples: e test): DFb and DTa in northern France wild rabbits; DS4a and DFa in - domestic rabbits. DS4d seems to be absent from the Las Lomas and Kerguelen populations. Finally, in the Las Lomas population, the percentages of individuals are never equally distributed between the different types of each character (Table 2). and a large number of distributions undergo significant changes according to populations (Callon and Vigne, unpublished data). Combinations of the three discrete characters of the acrocranial part of skull (DS1. DS2. DS3) also yield useful possibilities for characterization (Table 3): three combinations (DSla-DS2b-DS3b, DSIb-DS2b-DS3c and, especially DSIa-DS2b--DS3a) are shown by more than 10% of the Las Lomas rabbits, whilst others are very rare. In addition, two combinations (DSIa-DS2b-DS3 and DSla-DS2b-DS3b) seem to be absent at Las Lomas. yet present in two of the other samples under consideration: three of the ten Las Lomas combinations are significantly absent from one of the four compared populations ( DS I a-DS2a-DS3a, DS 1 a-DS2b-DS3a and DSIb-DS2a-DS3a). Although it is necessary to test these characters on a larger number of rabbit populations, the presence/absence and the frequencies of these osteological discrete characters and their combinations, seem to be useful tools in morphologically characterising rabbit populations. 3.4. mtD*4A



Every individual so far analysed displays heteroplasmy for its mtDNA, a peculiar property shared by other Leporidae and described previously (Ennafaa et ai. 1987, Biju-Duval et al. 1991). The 14 restriction endonucleases recognized 53 sites along the different molecules (Fig. 3A), 8 of them being polymorphic (i.e. do not exist in all individual extracts). The repartition of the polymorphic sites leads to the description of 7 different mtDNA types named A I to A7 (Fig, 3B). These mtDNA types can be organised in a parsimonious network (Fig. 4), Most of the steps from a given type to the closest one involve only one mutational event, detected through loss or gain of one site, and probably due to nucleotide substitution. In one case (A2 to A6 or reverse), three events are required. From the overall data, nucleotide diversity is estimated at 0,3%. Taking into - account a divergence rate of 2% per Myrs (13 row n, George and W i [so n i979; Wilson et al. 1985), the molecule ancestor of all mtDNA types present in the Las Lomas population may be traced back 150 000 years ago.
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Tablet Percentages of osteological discrete morphotypes (see Fig 2) For Las Lomas rabbits (LL) and presence {*) of these morphotypes in other comparison rabbit populations



W - French wild rabbits: Z - Zernbra Island: K - Kerguelen island; I) - French domestic rabbits. Heavy type indicates significant differences le rest) within the LL sample. Frames indicate significant absences in other populations by reference to LL frequencies
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Table3 a- percentages of combinations of acrocranial discrete characters (see Figure 2) in Las Lomas rabbits (N = 34: only 26.5% is significantly different from 5 . 9%; e test); b- comparison of rabbit populations within which these combinations have not been observed (abbreviations: see Figure 2); bold type indicates significant absences by reference to LL frequencies (e test) a
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4. DISCUSSION AND CONCLUSION 41. VALUE AND BIOLOGICAL MEANING OF THESE VARIABLES FOR EXTANT POPULATIONS



The biological meaning of the variables used in characterizing the Las Lomas population differs for each. - Strong polymorphism in the mtDNA reflects mutation events in different female lineages descended from an ancestral molecule, probably with no selective pressure. - Osteological discrete characters should reflect nuclear genes that might have been selected by more or less ancient environmental pressures. - Blood variables are more or less determined at the genetic level (i mmunoglobulins, cholesterol etc.), but we cannot distinguish the genetic contribution from the environmental one; the environmental source of variation (seasons, photoperiod etc.) has been reduced by sampling the rabbits in a very short period and in a very small plot. -- Body and skeleton sizes may also be related to nuclear genes, but they are much more highly dependant on environmental changes. It appears that the range of variables cannot be compared with each other. The present set of variables, however, yields very different and complementary investigatory approaches which are able to reflect as widely as possible, heterogeneity and specific characteristics of rabbit populations. The process used for the Las Lomas rabbits can be taken as an example, but it must be repeated on many other selected populations for a full phylogeographic reconstruction.
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Fig. 3. MtDNA restriction map (A) and description of the seven mtDNA types (AI to A7) in the Las Lomas rabbit sample (B). Letters a to h indicate polymorphic sites. The map is constructed on the basis of a virtual middle-sized molecule (17400 bp), mtDNA loop is linearised by opening on an Avail site, probably common to man, mouse and cow, very close to the beginning of the coding region. Circles indicate changing size fragments (heteroplasmy)
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Fig. 4. Network for the 7 Las Lomas rabbit mitotypes AI to A7. For polymorphic sites a to h. see Fig. 3. Each dash between mtDNA types indicates one mutational event.



4.2. USE OF SELECTED VARIABLES FOR AN HISTORICAL APPROACH



Some of the variables in the above set can be estimated in the fossil samples, such as mtDNA polymorphism (Hardy et ai. 1994), osteological discrete fossil characters and measurements. Only the third have been applied to "populations" in the vicinity of Las Lomas. Numerous osteometrical data indicated that the size of rabbits from the western lowlands of Andalusia did not change significantly between the Neolithic, Bronze Age and Classical Antiquity, but was smaller on coastal plains than inland (M i 1 z 1986). Measurements from Cerro de la Virgen (CV), in the interior (Galera, Prov. Granada; D r i e s c h and B a e s s n e c k 1970), offers the largest reference sample of ancient Andalusian rabbits (Table 4). There are only two archaeozoological skull measurements (S7, S9), but these skulls always appear slightly larger (e = 3.3 for CV) than those from Las Lomas. The only exception is with Bronze Age rabbits from Fuente Alamo (FA; Driesch et al. 1985), whose skulls were significantly smaller than those at Las Lomas (e = 3.5). All postcranial measurements, either from the interior (CV; Table 4) or peripheral ancient populations (FA) are much larger than those of Las Lomas (11 < e < 40). These comparisons indicate a strong allometric decrease in rabbit size in southern Spain during the last 2000 yrs. Skull size has not decreased (or only



Multipe characterization of a population of rabbits



595



slightly), but limb bones were shortened by 10 to 15% in comparison to fossil bones from Cerro de la Virgen. The decrease in size indicates that the Las Lomas population has undergone strong environmental and possibly nuclear genetic changes during the last 2000 yrs. Nevertheless, the range of each variable does not seem to have been reduced, including mtDNA, which means that the population has not undergone any "bottleneck" effect during this time. Table4 Dsteometric comparison of 5 measurements (L.1. SH. SU. SF, ST in mm: see Table 1) between present day Las Lomas rabbits ILL). and Late Neolithic to Bronze Age rabbits from Cerro de la Virgen(CV; Driesch and Boessneck 1970) LJ(=S9)
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